To investigate the increased susceptibility to infection of very immature preterm neonates, neutrophil chemotaxis, Mac-i adhesion receptor expression, and adherence to human umbilical vein endothelial cell monolayers (HUVE) were examined in neonates born at <32 weeks' gestation.
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The incidence of severe neonatal sepsis is greatly increased in very immature preterm neonates born weighing less than 1500 g.' 2 The immune system is still immature at the time of fullterm birth and the deficiencies in humoural and cellular immunity are even more appreciable in the very immature preterm infant. 3 Neutrophil polymorphonuclear leucocytes provide the major defence against bacterial invasion. The neutrophil dysfunction of term infants has been explored in numerous studies4 but there has been little work on the functional capacity of neutrophils from very immature preterm infants, or the changes that occur after preterm birth.
Neutrophils respond to the stimulus of bacterial invasion by upregulating adhesion receptors on the cell surface, increasing adherence to the adjacent capillary endothelium, and migrating from the circulation to localise at the site of infection. The most important neutrophil adhesion receptor mediating stimulated adhesion and chemotaxis is the integrin Mac-i, defined by monoclonal antibodies (MoAb) to CD11b/CD18. 5 Impaired neutrophil chemotaxis is a consistent finding in healthy term neonates.6'2 This has been shown to be associated with impaired adherence to artificial surfaces9-'4 and a reduced ability to upregulate Mac-i after cell stimulation. '5 Two previous studies of neonate neutrophil chemotaxis have included preterm infants," 16 but no previous study has investigated chemotaxis, Mac-I expression, and adhesion in the group of immature preterm infants born before 32 weeks' gestation who are at the greatest risk of bacterial infection.
To examine further the increased susceptibility of preterm neonates to bacterial sepsis, we have measured chemotaxis and Mac-i expression on neutrophils from well preterm infants born before 32 weeks' gestation and examined the changes that occur during early postnatal development. In addition, we have measured adhesion to endothelial monolayers as a more representative model of normal physiology than the reported adhesion assays using artificial surfaces.
Patients and methods

STUDY POPULATION
Twenty three 'well' preterm infants were studied soon after birth and at intervals during the first weeks of life. The median gestational age was 27 weeks (range 24-32) and median birth weight 1060 g (664-1952). Neonates were defined as 'well' if they had no evidence of infection and did not require mechanical ventilation for pulmonary insufficiency.
For analysis the infants were divided into groups: group 1, preterm neonates studied soon after birth at a median postnatal age of 1 day (range 1-4), n=22; group 2, preterm infants studied for a second time on median day 10 (5-21), n=23; group 3, preterm infants studied on median day 56 (28-70), n= 10. For comparison, 28 healthy term neonates (group 4) were studied at the time of delivery by elective caesarean section, median gestational age 38 (38-40) weeks. All infants were studied in parallel with healthy adult controls (group 5), n=80.
The study was approved by and all blood sampling was in accordance with the Liverpool Maternity Hospital ethics committee guidelines.
ISOLATION OF NEUTROPHILS
Polymorphonuclear leucocytes from preterm neonates were isolated from umbilical arterial catheter or peripheral venous samples; from term neonates using cord blood collected at birth; and from adults by venepuncture. Blood was collected into heparin 10 U/ml and neutrophils separated on a sodium metrizoate/ dextran gradient (Polyprep, Nycomed). Residual red cells were removed by hypotonic lysis and resuspended in Roswell Park Memorial Institute (RPMI) medium with calcium and magnesium (Flow Laboratories), the cell suspensions and all reagents being kept on ice. The purity of the neutrophil preparations was assessed by visual inspection of cytospin preparations. Viability, by trypan blue exclusion, was >95% in all cases. PREPARATION monolayer in flat bottomed microtitre plate wells. Neutrophil suspensions in RPMI were adjusted to 5x106 cells/ml, warmed to 37°C, and 100 p1 per well layered onto the HUVE with (stimulated) or without (unstimulated) 10-6 FMLP (final concentration). Each test suspension was added to four identical wells. To allow complete settling of the neutrophils onto the HUVE, the plate was incubated undisturbed for 15 minutes at 37°C before 100 p1 of 2% glutaraldehyde solution was gently layered into each well to fix adherent neutrophils. Non-adherent neutrophils were removed by two washes with RPMI pipetted into the wells and removed by aspiration. Then 100 p1 of 0-25% Rose Bengal was added to each well and incubated for 10 minutes after which any stain not absorbed into the cells was removed by four vigorous washes with PBS. To release absorbed stain from the cells into solution, ethanol (diluted 1:1 in PBS) was added to each well and incubated for 1-5 hours.
Optical density was measured at 570 nm in a Titertek Multiscan Plus microtitre plate reader, and the mean optical density of each set of quadruplicate wells taken. To quantify the number of adherent neutrophils the optical density of wells containing HUVE alone (mean of four) was subtracted from the optical density of each quadruplicate set of test wells.
Previous validation experiments had shown a linear relationship between the number of adherent neutrophils in a well and the optical density resulting from Rose Bengal staining. Directed migration (chemotaxis) was assessed in response to casein (fig 1, table) and ZAS (table). In response to either stimulus, the chemotaxis of neutrophils from well preterm neonates did not differ significantly from term neonates. However, leading front migration of both preterm and term neonate neutrophils was significantly reduced compared with simultaneously tested adult cells: p<00001 for group 1 v group 5, and for group 4 v group 5.
For preterm neonates tested at birth there was no correlation between chemotaxis and gestational age (casein r = -0-234; ZAS r = -0a 105), or between chemotaxis and birth weight (casein r =-0 142; ZAS r =-0-216).
The preterm infants were studied again between the fifth and 21st posmatal day (group 2); all were well at the time of testing. Chemotactic responses were similar to those at birth (table) . Postnatal maturation, represented by an increase in chemotactic response to casein, was observed in healthy infants after the fourth week following preterm birth (group 3) (fig 1, table) : mean increase (group 1 v group 3)=15-4 pm; 95% CI 3-1 to 27-8; p=0-02. But cell migration remained impaired in comparison to adult neutrophils, p=0-02. Migration towards ZAS, however, did not increase significantly over a similar postnatal period: mean increase (group 1 v group 3)= 4-4 pm (95% CI-13-9 to 22 7). The difference in chemotaxis towards ZAS and casein in the postnatal period is unexplained, but may relate to differences in the clinical condition of the infants studied with each agent. Likewise, neutrophils from preterm and term neonates behaved similarly in the adhesion assay, with a reduced ability to upregulate adherence compared with normal adult cells. It was not possible to do sequential posmatal studies of adherence in the preterm infants on account of the low number of circulating neutrophils in well infants after the first 10 postnatal days.18
Previous studies of neonate neutrophil adherence have examined adhesion to artificial surfaces, with variable results.9-'4 16 Only one study, by Anderson et al, has examined adherence to endothelium.19 This study, which included term neonates only, agreed that their neutrophils had impaired upregulation of adherence when stimulated. However, in contrast to our finding that unstimulated neonate cells were hyperadherent, this published study reported reduced adherence to HUVE by unstimulated neonate cells. The difference may stem from differences in the adhesion assay techniques. In our assay adhesion to HUVE was measured at a time when adherence was maximal20 by fixing the cell interactions at 15 minutes with glutaraldehyde. The longer neutrophil/HUVE interaction used by Anderson's group may mean that adhesion was measured after the hyperadherent phase had passed. '9 21 The similar functional responses of neutrophils from term infants and preterm neonates born before 32 weeks' gestation suggests that the increased incidence of severe infection in immature preterm newborn infants is not related to differences in the ability of their neutrophils to adhere and migrate. The similarity between term and preterm neonate neutrophils suggests a state of arrested functional 'maturation' from at least 25 weeks' gestation in the developing fetus. The point in ontogeny at which neutrophils of the developing fetus reach this functional steady state, the mechanisms which maintain fetal neutrophil function in developmental limbo, and the changes that occur at birth to trigger the process of maturation are unknown.
